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General information
Chromatography: Silicycle Silica Flash P60 size 40-63 µm (230-400 mesh), TLC: Merck silica gel 60 (0.25mm) . Visualization of the chromatogram was performed by UV and phosphomolibdic acid staining. Mass spectra were recorded on a AccuTOF GC v 4g, JMS-T100GCV (for CI, FD, and FI) and AccuTOF LC, JMS-T100LP (for ESI) mass spectrometers. 1 H, 13 H, δ 54.00 for 13 C).
Data are reported as follows: chemical shifts, multiplicity (s = singlet, d = doublet, t = triplet, br = broad, m = multiplet), coupling constants (Hz), and integration. The coupling constants in 13 C and 31 P NMR are referred to J C-P and J P-B , respectively. Infrared spectra were recorded on a Bruker IFS 28 FT-spectrophotometer and wavelengths are reported in cm -1 . ATR technique was used in IR spectroscopy. Melting point was measured by POLYTHERM A Heiztish Mikroskop. Et 2 O and THF were dried over sodium/benzophenone and used as freshly distilled. Flame-dried glassware was used for moisture-sensitive reactions. Toluene was dried over CaH 2 and distilled. i-Pr 2 NH was dried over NaH and distilled. All reagents and solvents that were not mentioned were used as received.
Synthesis of methyl α-substituted diphenylphinoacetates-boranes
General procedure: n-BuLi (3.75 mL for 1.6 M solution in hexane or 2.40 mL for 2.5 M solution in hexane, 6.00 mmol, 1.2 equiv) was added to a solution of i-Pr 2 NH (0.98 mL, 7.00 mmol, 1.4 equiv) in THF (1.50 mL) at 0 °C under nitrogen atmosphere and stirred for 30 min. Then, the reaction mixture was cooled down to -78 °C and a solution of the corresponding ester (5.00 mmol, 1 equiv) in THF (25.00 mL) was added dropwise. 
Methyl 2-ethyl dicyclohexylphosphinoacetate-borane (1a)
Compound 1a was prepared following the general procedure using n-BuLi (2.5 M) and methyl butyrate. The reaction was stirred 1 h at room temperature. Purification by column chromatography on silica gel using EtOAc:petroleum ether ( 
Methyl 2-isopropyl diphenylphosphinoacetate-borane (2)
Compound 2 was prepared following the general procedure using n-BuLi (2.5 M) and methyl isovalerate. The reaction was stirred overnight at room temperature. Purification by column chromatography on silica gel using EtOAc:petroleum ether (1:10 v/v) as an eluent provided the title compound as a white solid (52% yield). 
Methyl 2-benzyl diphenylphosphinoacetate-borane (3)
Compound 3 was prepared following the general procedure using n-BuLi (2.5 M) and methyl 3-phenylpropionate. The reaction was stirred 1 h at room temperature. Purification by column chromatography on silica gel using EtOAc:petroleum ether (1:10 v/v) as an eluent provided the title compound as a white solid (72% yield 
Methyl 2-phenyl diphenylphosphinoacetate-borane (4)
Compound 4 was prepared following the general procedure using n-BuLi (2.5 M) and methyl phenylacetate. In this case, fast addition of Ph 2 PCl, BH 3 ·THF and Et 2 O was performed. The reaction was stirred 1 h at room temperature. Purification by column chromatography on silica gel using EtOAc:petroleum ether (1:5 v/v) as an eluent provided the title compound as a white solid (56% yield). 
Procedure for the hydrolysis of methyl 2-ethyl diphenylphosphinoacetate-borane (1)
Methyl 2-ethyl diphenylphosphinoacetate-borane (1) (100 mg, 0.34 mmol, 1 equiv) and NaOH (272 mg, 6.80 mmol, 20 equiv) were stirred at room temperature in a mixture of THF, MeOH and H 2 O (0.2, 0.5 and 0.5 mL, respectively). After 18 h, the reaction was evaporated to dryness. The crude obtained was dissolved in H 2 O (10 mL) and washed with CH 2 Cl 2 (3x10 mL). The aqueous layer was acidified with aq. HCl solution (1 M) to pH = 1 and extracted with CH 2 Cl 2 (3x15 mL). The combined organic layers were dried over anh. MgSO 4 , filtered S5 and concentrated under reduced pressure to afford 2-ethyl diphenylphosphinoacetic acid borane (5) as a white solid of (72 mg, 74% yield).
2-Ethyl diphenylphosphinoacetic acid borane (5)
1 H NMR (300 MHz) δ = 9.88 (br, 1H), 7.86 -7.77 (m, 2H), 7.77 -7.66 (m, 
Procedure for the deprotection of 2-ethyl diphenylphosphinoacetic acid borane (5)
2-Ethyl diphenylphosphinoacetic acid borane (5) (100 mg, 0.35 mmol, 1 equiv) and DABCO (118 mg, 1.05 mmol, 3 equiv) in dry and degassed toluene (5 mL) were stirred under nitrogen atmosphere at room temperature overnight.
2 The reaction was evaporated to dryness to afford the DABCO salt of 2-ethyl diphenylphosphinoacetic acid (7) as a white solid. 
DABCO salt of 2-ethyl diphenylphosphinoacetic acid (7)

2-Ethyl diphenylphosphorylacetic acid (6)
Compound 6 was obtained following the procedure for the deprotection of 2-ethyl diphenylphosphinoacetic acid borane (5) 
Procedure for the synthesis of sodium 2-ethyl diphenylphosphinoacetate (8)
DABCO salt of 2-ethyl diphenylphosphinoacetic acid (7) was dissolved in degassed EtOAc (3 mL) and acidified by using degassed aq. HCl solution (2 M, 3 mL) under argon atmosphere. The aqueous layer was extracted with degassed EtOAc (2x3 mL). The combined EtOAc layers were treated with a degassed solution NaOH in EtOH (1 M, 0.35 mL) and stirred at room temperature for 15 min. The reaction was evaporated to dryness to afford sodium 2-ethyl diphenylphosphinoacetate (8) 2964, 1687, 1582, 1434, 1375, 1262, 1174, 739, 692, 553, 525 
Procedure for the synthesis of O-methyl 2-ethyl diphenylphosphinoacetohydroxamic acid (10)
O-Methyl 2-ethyl diphenylphosphinoacetohydroxamic acid-borane (9) 2-Ethyl diphenylphosphinoacetohydroxamic acid-borane (9) was prepared following a procedure described in the literature for similar compounds. 3 2-Ethyl diphenylphosphinoacetic acid borane (5) (100 mg, 0.35 mmol, 1 equiv), HOBt (53 mg, 0.39 mmol, 1.1 equiv) and EDC (75 mg, 0.39 mmol, 1.1 equiv) were stirred in CH 2 Cl 2 (1.4 mL). The reaction was cooled to 0 °C and then O-methylhydroxy-amine hydrochloride salt (44 mg, 0.53 mmol, 1.5 equiv) and N,N-diisopropylethylamine (0.09 mL, 0.53 mmol, 1.5 equiv) were added. After the reaction was completed, the reaction was poured into water (10 mL) and extracted with CH 2 Cl 2 (3x10 mL). The combined organic layers were dried over anh. MgSO 4 , filtered and evaporated to dryness. The crude mixture was then purified by column chromatography using MeOH:CH 2 Cl 2 (1:20 v/v) as an eluent to afford O-methyl 2-ethyl diphenylphosphinoacetohydroxamic acid-borane (9) as a white solid (94 mg, 86% yield).
1 H NMR (300 MHz) δ = 8.79 (br, 1H), 7.99 -7.86 (m, 2H), 7.81 -7.68 (m, 2H), 7.59 -7.39 (m, 6H), 3.49 (s, 3H) 
O-Methyl 2-ethyl diphenylphosphinoacetohydroxamic acid (10)
2-Ethyl diphenylphosphinoacetohydroxamic acid-borane (9) (28 mg, 0.09 mmol, 1 equiv) and DABCO (30 mg, 0.27 mmol, 3 equiv) were stirred in dry and degassed toluene (5 mL) under nitrogen atmosphere at room temperature overnight. The reaction was evaporated to dryness. The crude compound was dissolved in degassed EtOAc (3 mL) and acidified by using degassed aq. HCl solution (2 M, 3 mL) under nitrogen atmosphere. The aqueous layer was extracted with degassed EtOAc (2x3 mL 
Synthesis of the palladium complexes derived from sodium 2-ethyl diphenylphosphinoacetate (8)
A solution of sodium 2-ethyl diphenylphosphinoacetate (8) (70 mg, 0.24 mmol, 1 equiv) and PdCl 2 (43 mg, 0.24 mmol, 1 equiv) in dry and degassed CH 2 Cl 2 (5 mL) was stirred at room temperature under nitrogen atmosphere overnight. The reaction was filtrated through a pad of Celite and evaporated to dryness to afford a mixture of two palladium complexes (R, S)* (11) and (R, R)* (12) in a ratio of 1:1 (66 mg, 83% yield). 
Cis-bis(2-ethyl
